###### Strengths and limitations of this study

-   This systematic review will be the first to critically assess the level and quality of implementation of interventions targeting the uptake of breast cancer genetic testing.

-   This review will be the first to document the level of reporting of implementation outcomes in such intervention studies and to assess the completeness of intervention descriptions.

-   The implementation of interventions targeting genetic testing uptake for breast cancer risk can be strongly influenced by contextual factors. Exploring the relevance and effects of such factors is not within the scope of this review.

-   Description and characterisation of implementation parameters may be limited by insufficient reporting in primary studies.

Introduction {#s1}
============

Inherited pathogenic variants in high/moderate penetrance breast cancer susceptibility genes, such as *BRCA1, BRCA2, TP53, PTEN, PALB2, CHEK2,* are estimated to play a key role in about 5% to 10% of all breast cancers.[@R1] Women with pathogenic variants in the high penetrance breast tumour suppressor genes *BRCA1* and *BRCA2* are estimated to have a 40% to 70% lifetime risk of breast cancer and a 20% to 55% risk of ovarian cancer as compared with a 12% lifetime risk of breast cancer and a 1% to 2% risk of ovarian cancer in those without pathogenic variants.[@R3] Timely identification of germline breast cancer risk enables close monitoring for potential disease development as well as choice of preventive treatments and lifestyle changes.[@R4] Further, knowledge about hereditary pathogenic variants is relevant since mutated genes can be passed on to the next generation, in turn increasing risk for breast, ovarian, pancreatic and prostate cancer in sons or daughters or both.[@R8]

While it has been estimated that 1:800 to 1:300 women in the general population carry a *BRCA1/2* mutation, amounting to an approximate prevalence rate of 0.13% to 0.3%, rates of 2.5% have been found in individuals of Ashkenazi-Jewish descent.[@R1] Differences also occur within the subgroup of breast cancer patients. A recent systematic review reported a prevalence for *BRCA* germline mutations of about 3% in breast cancer patient groups unselected for family history, sex, age, ethnicity, breast cancer stage or hormone receptor status while rates between 9.3% and 15.4% were found in subgroups with triple-negative breast cancer.[@R10]

Testing for pathogenic variants in breast cancer susceptibility genes is therefore specifically targeted towards those at high risk. Weighing the evidence, the US Preventive Services Task Force has recently concluded 'that the net benefit of \[....\] testing for *BRCA1/2* mutations, and use of risk-reducing interventions outweighs the harms in women whose family or personal history is associated with an increased risk for potentially harmful mutations in the *BRCA1/2* genes'.[@R1]

Individuals without a diagnosis of cancer who have a family history of cancer, should be given the opportunity to discuss this history with their physician to decide if a formal assessment and genetic testing to determine their risk of breast cancer is indicated. Those who already have breast cancer may be referred to genetic testing in order to determine disease aetiology, the risk for a second primary cancer and to inform treatment, as well as to clarify breast cancer risk for their children and/or siblings.[@R12]

A recent review of international guidelines and recommendations for *BRCA*-related breast cancer genetic screening, diagnosis, counselling and treatment found agreement between guidelines in terms of key features, such as the main indicators of a 'high-risk family constellation' or a generally strong endorsement of counselling before and after testing.[@R9] However, there also were differences regarding specifications of individual clinical and family history risk criteria which might result in different levels of inclusivity.[@R9] In general though, the authors noted a growing trend towards broader inclusion based on concerns that stricter eligibility criteria might exclude too many individuals who actually harbour pathogenic gene alterations.[@R9] In line with this, the recent Consensus Guideline on Genetic Testing for Hereditary Breast Cancer by the American Society of Breast Surgeons (2019) has suggested offering genetic testing to all patients with a personal breast cancer history.[@R14]

Concerns have also been voiced with regard to uptake/receipt of testing among those who receive the offer to be tested. Ropka *et al* (2006), in a systematic review, found that rates ranged widely from 25% to 96% across different population groups and contexts,[@R15] and there is further evidence that low uptake rates are more likely to occur in population groups with lower education, lower income and/or in those with an ethnic minority background.[@R16] Besides lack of insurance, main drivers for lower uptake in these segments may be lower awareness about testing options, lack of physician referrals, differential access to cancer genetics experts, testing sites and consulting, as well as language barriers.[@R16] However, it also needs to be noted that a direct comparison of findings is difficult because of varying definitions of 'uptake'. Some studies investigated hypothetical behaviour, that is, intention to participate, while others focussed on actual participation in testing, either using delivery of blood/saliva samples or actual receipt of the result/attendance at a post-test counselling session as criterion.[@R20]

The decision whether and when to take a single gene or multigene panel test, disclosing the presence of pathological variants in breast cancer susceptibility genes, is a challenging process for many. A positive test result might lead to adverse psychological effects (eg, anxiety/worry), potential (felt and/or real) social stigma and discrimination, and it will require complex decisions on different levels.[@R22] Which preventive treatment should be chosen? Regular monitoring, life-style changes or early preventive surgery, such as mastectomy or salpingo-oophorectomy?[@R24] And should the result be disclosed to family members who then themselves might face the same emotional consequences and decisional conflicts?

Different types of interventions exist to help people make an informed decision about genetic testing.[@R5] It is generally recommended that the actual testing process is preceded by a general pre-test counselling session with a specialist and that results are communicated in another counselling session where implications and treatment options can be discussed.[@R9] Standard offers include specific risk-assessment[@R30] and counselling interventions, which can be delivered in different formats such as one-to-one,[@R31] group[@R20] and peer-led counselling.[@R21] There are also broader education approaches[@R33] or tailored decision aid interventions. Such interventions are specifically aimed at facilitating understanding and decision-making and include fact-based, written or verbal information on hereditary breast cancer, breast cancer risk of mutation carriers, the general beneﬁts and risks of genetic testing, as well as decision options.[@R33] Evaluations have so far generated discrepant findings.[@R35] Bowen *et al* (2002)[@R20] and Schwartz *et al* (2001)[@R33] found that counselling interventions can have a small effect on changing intentions for breast cancer genetic testing. Brain *et al* (2005),[@R37] Helmes *et al* (2006)[@R31] and Bowen (2010),[@R32] on the other hand, reported that although face-to-face and telephone counselling interventions changed women\'s level of knowledge as well as perceived cancer risk and cancer worry, neither of the interventions led to significant changes in intention to pursue genetic testing for breast cancer risk. Venna (2007)[@R21] and Hall *et al* (2009)[@R34] also reported that educational interventions had no effect on intentions to participate in cancer genetic testing.

Previous efforts to review interventions targeting breast cancer genetic testing have, however, been limited to explaining uptake rates and predictors of testing decisions, while none of the reviews have focussed on how these interventions have been implemented and whether the implementation strategies used have been effective.[@R15] This is also emphasised by Forbes *et al* (2019) who, in their review about *BRCA*-testing guidelines, outlined evidence gaps, among them a lack of knowledge about 'optimum models for service delivery and organisation'.[@R9]

Thus, when interventions fail, it often remains unclear whether it was the intervention approach itself which was ineffective (programme failure) or whether the programme never was sufficiently implemented in the first place (implementation failure). Implementation of an intervention relates to how and to which extent an intervention is being delivered or carried out; and implementation success or failure is defined in regard to the degree to which the actual implementation process meets the conceptual definitions of implementation outcomes, such as acceptability, appropriateness, adoption, costs, feasibility, fidelity, penetration and sustainability, as defined by Proctor *et al* (2011).[@R39] Knowledge about how informational interventions targeting breast cancer-related genetic testing are implemented could explain why effects fail to occur or remain suboptimal. Moreover, assessing, comparing and analysing implementation outcomes will increase understanding of implementation processes, enable studies about comparative effectiveness of different implementation strategies and enhance efficiency in implementation research.[@R40] Such evidence has the potential to inform policymakers and programme managers to make decisions about investing in high-quality implementation of genetic screening and testing programmes for breast cancer risk.

Aim of the review {#s1-1}
-----------------

The aim of this paper is to systematically review studies targeting the uptake of genetic testing services for breast cancer risk and critically assess the quality of programme implementation and the reporting of implementation outcomes. Specifically, we will:

a.  document the general characteristics of included studies and the interventions investigated;

b.  document the implementation strategies reported in each of the intervention studies;

c.  examine the quality of intervention implementation in terms of acceptability, appropriateness, adoption, costs, feasibility, ﬁdelity, penetration and sustainability; and

d.  evaluate the completeness and quality of the reported information about implementation.

Methods {#s2}
=======

This will be a systematic review documenting the evidence concerning implementation of interventions that target the uptake of genetic testing services for breast cancer risk. We will follow the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines.[@R41]

We will include intervention studies targeting uptake of predictive genetic testing services (single gene or multigene panel testing) as well as decision-making about using such services to detect pathogenic variants in breast cancer predisposition genes of moderate (*PALB2, ATM, CHEK2*) and high penetrance (*BRCA1, BRCA2, TP53, PTEN, CDH1, STK11*). Specifically, the review will include the studies targeting individuals without a breast cancer diagnosis but a family history of breast cancer to assess their risk for future disease manifestation.[@R42] The definition of 'family history of breast cancer' is based on the criteria documented in the international guideline review by Forbes *et al* (2019)[@R9] or the European School of Oncology-European Society of Medical Oncology (ESO-ESMO) Consensus Guidelines (ABC 4)[@R42] or two newer US National Comprehensive Cancer Network (NCCN) Guidelines (2018, 2019).[@R28] Further, studies reporting on interventions for individuals from an Ashkenazi-Jewish ancestry due to their higher risk of having pathogenic variants in *BRCA1/2* genes will be included. The third major group of interest for this review are individuals diagnosed with breast cancer who are referred by their healthcare provider for predictive genetic counselling/testing in order to identify a potential breast cancer risk for their family members due to a pathogenic variant in the index patient's breast cancer susceptibility genes.[@R43]

Not included will be intervention studies which focus exclusively on men as a primary target group and studies which specifically target genetic test uptake with the goal of guiding the choice of treatment for breast cancer patients or understanding disease progression or patients' response to treatments.[@R43] Also, intervention studies which only target healthcare professionals (eg, geneticists, genetic counsellors) or other relevant occupational populations will be excluded. For a more specific definition of inclusion criteria see the section on 'study selection' below.

Type of intervention {#s2-1}
--------------------

We will include intervention studies targeting the uptake of breast cancer genetic testing service (registered/self-reported) or studies seeking to influence decision-making to pursue breast cancer genetic testing. Examples of such interventions include: one-to-one (face-to-face or via telephone) genetic counselling;[@R31] group counselling;[@R20] print materials-based education interventions;[@R33] computer-based education interventions;[@R30] peer-led interventions;[@R21] and tailored decision aid interventions.[@R35]

Outcomes {#s2-2}
--------

Only intervention studies targeting decision-making about and/or actual uptake (registered/self-reported) of breast cancer genetic testing service will be included in the review.

Study types {#s2-3}
-----------

This review will include scientific research based on qualitative studies as well as quantitative designs, mainly randomised controlled trials and controlled before and after studies, which investigate interventions targeting decision-making about and/or actual uptake (registered/self-reported) of breast cancer genetic testing service. There will be no restrictions for inclusion of studies based on number of interventions and control groups, length of follow-up or study quality.

Unpublished, non-peer reviewed, theoretical and methodological research papers as well as editorials and opinion pieces will be excluded.

Only papers that have been published in English within the time period from January 2005 until October 2019 will be considered for inclusion. The rationale for this time period is based on the publication of the highly influential Guidelines by the US Preventive Services Task Force in 2005, which extended eligibility criteria for use of *BRCA*1/2 genetic testing and explicitly advocated the use of genetic testing for at-risk women.[@R45] Since then the cost for genetic testing has significantly decreased, genetic testing has become more accessible and more interventions targeting the uptake of genetic testing services for breast cancer in at-risk women have been implemented.[@R46]

Search strategy {#s2-4}
---------------

We will perform a systematic electronic database search in the following databases: PubMed, CINAHL, PsycINFO, Embase, Cochrane Library and all Campbell Coordinating Group databases. Further, the reference list of primary studies will be searched for additional studies. We have developed a list of terms for each concept and key search terms, which is illustrated in [box 1](#B1){ref-type="boxed-text"}. The finalised search strategy for Embase is provided in [online supplementary appendix 1](#SP1){ref-type="supplementary-material"}.
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###### Key search terms

(Breast neoplasm OR breast tumour OR breast carcinoma OR mammary neoplasms OR mammary cancer OR malignant neoplasm of breast OR malignant tumour of breast OR cancer of breast OR breast cancer)

AND

(intervention OR programs OR counselling OR provider recommendation OR pamphlet OR brochure OR communication OR training OR peer education OR health education OR health information OR visual information OR group discussion OR media advertisement OR public service announcement OR message OR patient education)

AND

(gene-test OR genetic evaluation OR genetic test\* OR genomic test OR genomic technology OR health testing OR multiphasic test OR pharmacogenetic test OR direct-to-consumer screening OR consumer screening OR genetic screen\* OR genomic screen\* OR mass screening OR mandatory testing OR whole-body imaging OR whole-body screening OR genetic exam\* OR genetic assess\* OR genetic evaluate\* OR direct DNA sequencing OR sanger sequencing OR next-generation sequencing OR *BRCA1* testing OR *BRCA2* testing OR *TP53* testing OR *PTEN* testing OR *CDH1* testing OR *STK11* testing OR *PALB2* testing OR *ATM* testing OR *CHEK2* testing)

AND

(acceptability OR acceptable OR advantage OR credibility OR appropriateness OR appropriate OR approved OR approval OR enacted OR endorsed OR endorsement OR maintained OR maintenance OR embraced OR selected OR selection OR chosen OR choice OR suitable OR suitability OR suited OR apt OR useful OR usefulness OR adoption OR adopted OR uptake OR utilisation OR intention OR cost OR economic\* OR expense OR expensive OR expenditure OR expenditures OR pay OR paid OR price OR budget OR feasibility OR feasible OR fit OR achievable OR advantageous OR attainable OR practicable OR practical OR viable OR workable OR worthwhile OR fidelity OR adherent OR adherence OR accuracy OR accurate OR precision OR precise OR uniform OR uniformity OR exact OR close OR penetration OR penetrated OR diffusion OR sustainability OR sustainable OR sustained OR implementation science OR implementation research OR dissemination research OR implementation outcome OR implementation outcomes)

Study selection {#s2-5}
---------------

A two-step process will be used to screen studies for inclusion. At first, four reviewers in pairs of two will independently screen all titles, abstracts and full-text articles. Studies will pass the title/abstract screening stage if the title or abstract mentions any intervention/s targeting genetic testing uptake for breast cancer risk and if the intervention (or component of the intervention) is targeted to one or more of the following subgroups:

1.  Individuals without a diagnosis of breast cancer

    a.  and a family history of breast cancer and/or other relevant cancers as defined by any of the respective criteria constellations listed in the review of international guidelines for screening and diagnosis by Forbes *et al* (2019),[@R9] or by the newer US NCCN Guidelines (2018, 2019)[@R28] or the European ESO-ESMO Consensus Guidelines (ABC 4)[@R42]

    b.  and a personal history of a non-breast cancer known to be related to breast cancer based on criteria listed by the above-mentioned guideline review[@R9] or the newer guidelines[@R28]

    c.  who are of Ashkenazi-Jewish descent

    d.  who have a known pathogenic variant in a breast cancer susceptibility gene in the family[@R9]

2.  Individuals with a diagnosis of breast cancer

    a.  with certain specific characteristics of the cancer (for instance triple negative breast cancer, young age at diagnosis) as defined by the guidelines reviewed by Forbes *et al* (2019)[@R9] or the newer guidelines[@R28]

    b.  with a known pathogenic variant in a breast cancer susceptibility gene in the family[@R9]

    c.  with a family history of breast cancer and/or other relevant cancers, as defined by the guidelines reviewed by Forbes *et al* (2019)[@R9] or the newer guidelines[@R28]

    d.  who are of Ashkenazi-Jewish descent

Studies will pass the full-text screening stage if the eligibility criteria above (in terms of population, intervention, outcome and study type) are met. The reviewers will note the reasons for excluding studies during full-text review. Disagreements will be resolved through discussion until a consensus is reached. The web-based reference programme Covidence will be applied as an organising instrument throughout the assessment process to import, include or exclude relevant studies, eliminate duplicate findings and finally develop a PRISMA flow diagram. This diagram will document the process of selection, as well as the numbers of records and full-text papers identified at each stage. Given the focus of this review on the implementation process, we will not assess the methodological quality of studies.

Data extraction {#s2-6}
---------------

The data extraction process will include the collection of information at two levels: study level and intervention level.

At the study level, we will collect information regarding the research question; methods and study type; implementation research framework used; time of data collection; study population; implementation outcomes reported; study limitations and conclusion. Among the included studies, we will categorise the implementation studies according to three types of hybrid effectiveness-implementation designs: type 1 (studies testing a clinical intervention and exploring implementation-related factors), type 2 (studies testing a clinical intervention and also testing an explicitly described implementation strategy) or type 3 (studies testing an explicitly described implementation strategy and observing/collecting clinical outcomes data).[@R47] 'Implementation strategies can be defined as methods or techniques used to enhance the adoption, implementation and sustainability of a clinical programme or practice', and might involve single or multiple components.[@R47] We will also note the stage of intervention implementation for each study as 'pilot/once-off', 'scaling up', 'implemented and sustained at scale' or 'undergoing de-implementation'.

Implementation outcomes will be reported for acceptability, adoption, appropriateness, cost, feasibility, fidelity, penetration and sustainability, as defined by Proctor *et al* (see [table 1](#T1){ref-type="table"}).[@R40] We will register the implementation outcomes that are reported in each of the studies as well as the number of studies that do not consider or report any implementation outcomes. To determine whether the included studies tested for implementation quality, we will use the 5-item rubric developed by Kemp *et al* (2019).[@R49] The five items relate to: (a) whether the authors included any implementation outcomes in the study objectives; (b) whether they specified any hypothesis or conceptual model for implementation outcomes; (c) whether they comprehensively described measurement methods for implementation outcomes; (d) whether they used validated measures for implementation outcomes; and (e) whether they reported the sample sizes for implementation outcomes.

###### 

Conceptual definition of the implementation outcomes

  Implementation outcomes   Definition (according to Proctor *et al* 2011)[@R40]                                                                          Related terms
  ------------------------- ----------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------
  Acceptability             Perception that the intervention is agreeable, satisfactory or confers relative advantage                                     Comfort; Advantage; Credibility
  Appropriateness           Perceived fit or relevance of the intervention in a setting                                                                   Relevance; Perceived fit; Compatibility; Perceived usefulness; Suitability
  Adoption                  Intention, initial decision or action to try to employ a new intervention                                                     Uptake; Utilisation; Intention to try
  Costs                     Incremental cost of the implementation strategy and the total cost of implementation including the cost of the intervention   Marginal cost; Total cost
  Feasibility               The extent to which an intervention can be carried out in a setting or organisation                                           Practicality; Actual fit; Utility; Trialability
  Fidelity                  The degree to which an intervention is implemented as it was designed in an original protocol, plan or policy                 Adherence; Integrity; Quality of programme delivery; Intensity or dosage of delivery
  Penetration               The degree to which the population that is eligible to benefit from an intervention receives it                               Reach; Access; Service spread; Effective coverage
  Sustainability            Extent to which an intervention is maintained or institutionalised in each setting                                            Maintenance; Continuation; Durability; Institutionalisation; Routinisation; Integration

At the intervention level, we will collect information about intervention types, intervention descriptions, intervention strategies, countries and target populations. The Template for Intervention Description and Replication (TIDieR) will be used to evaluate the completeness of intervention description and specification (see [online supplementary appendix 2](#SP2){ref-type="supplementary-material"}).[@R50] Each item in the TIDieR checklist will be counted as present if any aspect of the item is mentioned, regardless of quality or level of detail. Risk of bias will not be assessed.
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Four reviewers by two pairs will independently pilot a structured data extraction form with four studies. The study and intervention characteristics will be extracted onto a spreadsheet by the main researcher, which will be further checked and verified by three further team members.

Data analysis and synthesis {#s2-7}
---------------------------

The extracted study and intervention characteristics will be summarised and organised in one or more evidence tables. We will use descriptive statistics for categorical variables and means and SD for continuous variables. An implementation outcome score will be calculated for each study by summing the number of rubric items present and dividing by the total number of applicable items, that is, the total score of 5. A TIDieR specification score out of 12 will be calculated for each intervention by summing the number of checklist items reported across studies of the same intervention divided by the total number of applicable criteria, that is, the total score of 12.

Ethics and dissemination {#s2-8}
------------------------

Ethical approval is not required to conduct this review. Results of this study will be disseminated to academic and non-specialist audiences through peer-reviewed publications and presented at appropriate conferences, workshops and meetings to policymakers, practitioners and organisations that work with our population of interest. Evidence generated from this review will be used to inform the development of evidence-based quality implementation strategies to target people at risk for inherited breast cancer for their participation in genetic testing programmes.

Patient and public involvement {#s2-9}
------------------------------

Patients and/or the public will not be (directly or indirectly) involved in this study.

Discussion {#s3}
==========

The US Preventive Services Task Force recommends that 'women with a personal or family history of breast cancer or who have an ancestry associated with *BRCA1/2* gene mutations should be assessed by primary care clinicians with an appropriate brief familial risk assessment tool, and women with a positive result on the risk assessment tool should receive genetic counselling'.[@R45] Given the complexity involved in risk assessment and the challenges for test recipients and their families in understanding the implications of such tests, genetic counselling should be offered both before and after breast cancer genetic testing.[@R51] Limitations of the test as well as the benefits and costs/side effects of obtaining this kind of information and of prophylactic measures should be thoroughly explained so that people can make an informed decision regarding whether they actually want to take the test as well as about potential actions and consequences resulting from potential outcomes.[@R43]

Thus, an effective intervention targeting genetic testing uptake to determine individuals\' increased risk of having breast cancer should incorporate various strategies to reach the individuals at-risk, deliver qualified standard genetic counselling and/or broader educational interventions and be conducted with a set of high implementation and ethical standards.[@R52] We believe our review will be the first to document whether the published studies on interventions to increase participation in breast cancer genetic testing programmes have tested and reported implementation quality and provided relevant intervention descriptions. We hope, the findings of this systematic review will help improve understanding of the challenges and pitfalls of programme implementation or implementation-related research for breast cancer genetic testing. Furthermore, this might help programme managers to identify or develop better implementation strategies to target individuals at risk of hereditary breast cancer.

This review may have some limitations. First, the implementation of interventions targeting genetic testing can be strongly influenced by contextual factors. Exploring the relevance and effects of such factors is not within the scope of this review. Second, description and characterisation of implementation parameters may be limited by insufficient reporting in primary studies. Third, it cannot be excluded that relevant interventions exist, whose primary goal was not related to decision-making about/uptake of genetic testing; such studies will not be captured by this review.
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